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http://dx.doi.org/10.1016/j.jfma.201
0929-6646/Copyright ª 2015, ElsevierAbstract Wastewater is a potential environmental source of Clostridium difficile, although a
direct link with community-acquired C. difficile infection (CA-CDI) in humans has not yet been
established. The present study was performed to determine the occurrence of C. difficile in
two types of wastewater treatment plants (WWTPs) in Isfahan, Iran. A total of 95 samples were
taken from a conventional activated sludge treatment plant and a waste stabilization ponds
system, and analyzed for the presence of C. difficile. C. difficile was found in 13.6% (3/22)
of digested sludge samples. However, no C. difficile was detected in inlet and outlet samples
or in raw sludge of activated sludge. C. difficile was also detected in 5% (2/40) of the samples
from waste stabilization ponds. Polymerase chain reaction (PCR) analysis showed that all
strains of C. difficile detected were toxigenic (tcdB gene positive). This study shows that C.
difficile was present in WWTPs, which might constitute a potential source of community-
acquired C. difficile infection.
Copyright ª 2015, Elsevier Taiwan LLC & Formosan Medical Association. All rights reserved.Introduction
Clostridium difficile is an anaerobic Gram-positive spore
forming bacillus, which is found in the small intestine of
newborn infants as a component of the normal microbiota.1ave no conflicts of interest relev
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Taiwan LLC & Formosan MedicalOver the past 2 decades, toxigenic C. difficile has emerged
as one of the most important causes of nosocomial in-
fections2 associated with many cases of diarrhea and
potentially fatal pseudomembranous colitis.3 Toxin A (an
enterotoxin encoded by tcdA) and toxin B (a cytotoxin,ant to this article.
eering, School of Health, Isfahan University of Medical Sciences,
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Table 2 Clostridium difficile prevalence in wastewater
treatment plants.
Sample type Number of C. difficile
positive samples/total samples
Influent (AS) 0/11
Effluent (AS) 0/11
Raw sludge (AS) 0/11
Digested sludge (AS) 2/11
Dewatered digested
sludge (AS)
1/11
Inlet of anaerobic
pond (WSP)
0/10
Outlet of anaerobic
pond (WSP)
1/10
Outlet of facultative
pond (WSP)
0/10
Outlet of maturation
pond (WSP)
1/10
AS Z activated sludge treatment plant, which treats domestic
wastewater using an activated sludge system; WSP Z waste
stabilization ponds system, which treats suburban domestic
wastewater by the interaction between algae and bacteria in
facultative ponds without the use of an sludge disposal system.
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difficile.4 However, community-acquired C. difficile infec-
tion is increasingly being recognized in persons with no
apparent contact to health care settings and in the absence
of any known C. difficile infection (CDI) risk factors.5 Food,
animal, and environmental sources have been hypothesized
as the possible routes for CDI transmission in the
community.6e8 C. difficile present in feces of symptomatic
and asymptomatic infected patients with CDI may enter
hospitals and domestic wastewater. Being a spore-former,
C. difficile is known as an environmentally resistant path-
ogen with the capability of extended survival under various
environmental conditions.9 These facts raise concerns
regarding transmission of this pathogen to humans through
aquatic environments contaminated by wastewater treat-
ment plant (WWTP) effluents.
Only a few studies, however, have investigated the
presence of C. difficile in aquatic environments9,10 such as
wastewaters.11e13 Zidaric et al10 (2010) showed that over
50% of 34 different C. difficile strains isolated from rivers
have been found in humans and animals as well. This finding
demonstrates the association between the environment,
humans, and animals. Gaining a better understanding of C.
difficile environmental sources could provide information
regarding dissemination routes of this pathogen in the
environment. There is little information regarding the
epidemiology of C. difficile infection in Iran. This study
aimed to investigate the presence of C. difficile in two
types of WWTPs at Isfahan, the third largest city in Iran.Materials and methods
A total of 95 samples were taken from two types of WWTPs
(Tables 1 and 2), between August 2012 and June 2013 in
Isfahan, Iran, and analyzed for the presence of C. difficile.
Briefly, 50 mL of wastewater sample was concentrated by
centrifugation (2700g for 10 minutes). Wastewater pellets
or 5 g of sludge samples were added into 25 mL of C.
difficile enrichment cycloserineefructose broth (4% prote-
ose peptone, 0.6% fructose, 0.5% Na2HPO4, 0.2% NaCl, 0.1%
KH2PO4, 0.01% MgSO4.7H2O, 0.1% sodium taurocholate, and
0.05% L-cysteine, with cycloserine as selective supplement)
and incubated under anaerobic conditions at 37C for
3e5 days. Next, an alcohol shock was performed and the
culture was left at room temperature for 60 minutes and
centrifuged at 4000 rpm for 10 minutes. The supernatant
was discarded, and the pellet was streaked onto cyclo-
serineefructose agar supplemented with 7% horse blood
and incubated anaerobically at 37C for 48 hours. YellowTable 1 Characteristics of wastewater treatment plants (WWT
Type of WWTP Capacity (m3/d) Population
equivalent (person
Conventional activated
sludge treatment plant
130,000 650,000
Waste stabilization
ponds system
90,000 450,000
NA Z Not applicable.and rhizoid colonies with a distinct horse barn odor were
considered presumptive colonies of C. difficile. Confirma-
tory procedures consisting of Gram staining, motility, and
nitrate reduction were performed on isolated suspected
colonies. Suspected colonies were also further verified by a
Polymerase chain reaction (PCR) assay and confirmed C.
difficile isolates were screened for the gene encoding toxin
B (tcdB) in order to identify toxigenic strains.
For PCR analysis, isolated colonies were suspended in
100 mL of deionized water, and genomic DNA was extracted
by boiling for 15 minutes and centrifugation at 13,000 rpm
for 5 minutes. C. difficile was detected by PCR amplifica-
tion of the tpi gene as described by Lemee et al (2004).14
PCR analyses were also performed to identify toxigenic
strains by amplification of the tcdB gene.14Results and discussion
Aquatic environments are potential sources of community-
acquired CDI. In the present study, C. difficile was found in
13.6% (3/22) of the digested sludge samples. However, no
C. difficile was detected in inlet and outlet samples as well
as raw sludge from activated sludge treatment plantPs).
)
Disinfection process Final effluent
receiving body
Final sludge
application
Chlorine River Agriculture soil
Chlorine (occasionally) Agricultural
application
NA
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the samples from the waste stabilization ponds system
(Table 2). Our results are consistent with other studies
reporting on the presence of C. difficile in biosolid and
wastewater samples.11,12 Viau and Peccia12 (2009) detected
C. difficile genomes in 25% (4/16) of biosolid class B sam-
ples. However, the recovery of C. difficile from sludge
samples was lower in our study which could be due to the
difference in detection methods.
The prevalence of C. difficile in wastewater samples in
our study was also considerably lower than that reported by
others. Romano et al11 (2012) reported high occurrence of
C. difficile in samples collected in inlets and outlets of nine
WWTPs in southern Switzerland. In a study by Bazaid13
(2012), C. difficile was isolated from 58% of effluent
outlet samples. In our study, C. difficile was not detected in
raw wastewater and effluent samples of conventional
activated sludge. Moreover, we detected C. difficile only in
5% (2/40) of the samples from waste stabilization ponds.
Variation in wastewater characteristics might contribute to
the variation in C. difficile prevalence identified in
different studies. Entrapment of C. difficile spores in
activated sludge flocks may also result in elimination of C.
difficile from the WWTP effluents. However, Romano et al11
suggested that the high rate of spore detachment from
sludge flocks in secondary sedimentation tanks contributes
to further contamination of wastewater effluents. In addi-
tion, as this study was the first survey of C. difficile in
environmental samples in Iran, the methods used in sample
collection, sample processing, and microbiologic detection
might not be optimized, and therefore, may underestimate
the prevalence of C. difficile in our samples.
PCR results showed that all detected C. difficile were
toxigenic strains (tcdB gene positive). This result is
concordant with other studies, which found a high propor-
tion of toxigenic strains of C. difficile among isolated or-
ganisms in aquatic samples.9,11 Simango9 (2006) reported
on C. difficile isolation from rivers, lakes, sea water, and
soil and found C. difficile in 6% of 234 water samples in
Zimbabwe, and toxigenic C. difficile (toxin B positive)
accounted for 90% of these isolates. Romano et al11 re-
ported that 24/55 (43.6%) C. difficile strains identified in
inflow and outflow of WWTPs harbored the tcdA and tcdB
genes. In the study by Bazaid,13 the majority (34/36) of C.
difficile isolates from different water sources, including
wastewater effluent samples, were toxigenic strains pro-
ducing toxin A and B. However, due to limited budget, we
did not test the presence of tcdA gene. Nevertheless,
literature indicated that tcdB gene-positive strains usually
are also tcdA gene-positive.11,13,14 As C. difficile infection
relies on the ability of this organism to produce toxins,2 the
isolation of toxigenic strains in our study and other envi-
ronmental studies demonstrates the importance of aquatic
environments as potential sources of CA-CDI. However,
further research is required to clarify the relationship be-
tween environment C. difficile strains and those strains
responsible for community-acquired CDI. We did not
conduct ribotyping and toxinotyping for C. difficile strains
in this study because there is insufficient data on ribotypingand toxinotyping of C. difficile strains from humans in the
Isfahan region for comparison. In the future, such molecu-
lar epidemiologic study is required to establish the link
between environmental presence of C. difficile and human
infection.
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